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ABSTRACT 


It  appears  to  be  an  effective  method  to  demolish  concrete 
containers  or  container-]  ike  structures  by  underwater  blast. 

As  compared  with  conventional  blast  by  charge  within  drilled 
holes,  underwater  blast  has  advantages  in  some  respects  such  as 
simplicity  of  work  process,  lower  cost,  lower  noise,  less 
effect  of  air  blast  wave  and  better  control  of  fragments. 

In  this  paper,  equations  for  underwater  blast  charge  cal¬ 
culation  are  analyzed  and  derived  for  cylindrical  and  rectan¬ 
gular  structures  on  the  basis  of  properties  of  underwater  blast 
loading,  strength  and  dynamic  characteristics  of  structures, 
and  two  examples  of  application  are  given. 
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CHARGE  CALCULATION  FOR  UNDERWATER  BLAST 
DEMOLITION  AND  ITS  APPLICATION 


It  appears  to  be  a  relatively  effective  method  to  deaolish 
concrete  containers  or  c on ta  i  n e r- 1  i  k e  structures  by  underwater 
blast.  As  coapared  with  conventional  blast  by  charge  within 
drilled  holes,  underwater  blast  has  advantages  at  least  in  soae 
aspects  as  below: 

1.  Simplicity  of  work  process; 

2 .  Lower  cost; 

3.  Lower  noise; 

4.  Less  effect  of  air  blast  wave; 

5.  Better  control  of  direction  and  range  of  scattered 
fragments. 

Thus,  since  1978,  research  work  on  underwater  blast  demoli¬ 
tion  for  application  within  urban  area  has  started  by  organiza¬ 
tions  of  railway  engineering. 

I  .  BLAST  WAVE  OF  WATER  PRESSURE 

The  demolition  object  with  peripheric  faces  exposed  above 
ground  and  footing  underground  way  be  considered  as  an  one  de¬ 
gree  freedom  structure,  and  according  to  D’Alembert's  prin¬ 
ciple,  the  vibration  equation  for  this  structure  with  damping 
under  dynamic  load  may  be  expressed  as 

ffly(0  +  yy(t)  +  Ky(0  =  P(t)  CD 
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(2) 


if  we  substitute  y  =  2|ai<»  into  equation  Cl)  ,  we  get 

3r’(t)‘+2£®y(0+®*r  (0  =  -P(t) 

in 

when  t>u,  the  solution  of  equation  (2)  is 
rC0-~—£  P(u)e-'*rS“->sin&(t-u)du 


(3) 


where  y  (t) 

— r  displacement  of 

m 

- mass  ; 

K 

-  stiffness  factor 

V- 

- damp  i  ng 

factor; 

t 

- ' damping 

ratio; 

co¬ 

- —  natural 

circular 

|*j6 

II 

a 

co 

-  natural 

circular 

—  CO 

.  • 

(i- 

■H  ’ 

PCt) 

-  dynamic 

load  ’ 

Generally 

we  call  equation  (3) 

system  with  damping,  it  may 

be  used 

of  one  degree  freedom  system  with  damping  under  dynamic  load  of 
any  type.  Usually,  when  explosives  being  blasted  underwater, 
the  duration  T  for  blast  wave  of  water  is  much  less  than  that 
for  air  blast,  the  difference  is  about  two  order  of  magnitude. 
Also  the  charge  weight  needed  for  underwater  blast  is  relative¬ 
ly  small,  therefore  under  general  condition,  t-  <4-  T  C  T — natural 

4 

period  of  structure  ).  Thus  the  demolish  action  of  blast  wave 
in  water  to  a  structure  may  be  considered  as  the  action  of  i m- 
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pulse  I,  as  shown  in  Figure  (l) 

Since  impulse  i  is  expressed  as 

r-M),  P(0-»-oo 

at  this  time,  HO  = 

rtr* 


— L.  c-wv-i  x  sin  at 
cl  a> 

m  cj  4 


7  at  '  * 

1  “  "  C  I 

D» 

5=5  a~ 


P.  ,  =  Ky.  =  I<a  e-t/‘r’ 


♦  where  P.«  -  equivalent  static  load,  under  the  action  of 

this  load,  the  tax.  d  i  s p 1  a ce ae n t  of  structure 
is  the  sane  as  that  under  the  action  of  blast 
wave  inpulse  I. 

Generally  the  internal  damping  is  rather  snail  for  ordi¬ 
nary  contruction  Materials,  .V  =0.015  for  concrete,  .y  =0.015'-0.0i8 
for  reinforced  concrete,  therefore: 


—  co 

and  co  —  —<  «s  <y 

V  144 

Therefore,  equation  (4)  nay  be  sore  simplified  as 

p ,  ,  =  \a>  k g / c n 2  (5) 

For  TNT  of  density  1 . 5  g/cm  3  ,  when  being  blasted  underwater, 
the  inpluse  I  on  unit  area  at  dTs  tance  R  nay  be  calculated  by 


I=0.0588Q,/‘ 


kg.sec/c*2  C6) 
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-  Ay-.*  ; 


where  Q  -  charge  wt.,  kg; 

R  -  distance  from  blast  center  to  the  loading  face 

of  structure,  n. 

Substitute  equation  (6)  into  equation  (5),  we  get  the 
equivalent  static  load  of  water  pressure  blast 


—  P  •  Q 


\o.«* 

0.05880^-^-^  a 


(7) 


II.  EQUATION  OF  CHARGE  CALCULATION  FOR  UNDERWATER  BLAST 


In  the  application  of  underwater  blast  demotion,  usually 
ye  deal  with  cylindrical  and  rectangular  structures.  Thus,  the 
equations  of  charge  calculation  for  underwater  blast  demolition 
of  these  two  types  of  structure  shape  are  discussed  in  this 
paper.  For  shapes  that  are  nearly  rectangular  or  cylindrical, 
they  may  be  treated  as  cylindrical  or  rectangular  by  some  sim¬ 
plification  of  shape. 

1.  Thin  Wall  RC  Cylinder 

The  definition  for  a  thin  wall  cylinder  is  that  <5/R<0.1, 
where  <5  is  the  wall  thickness,  and  R  is  the  radius  of  cylinder. 

The  natural  frequency  of  a  cylinder  is 


R 


(8) 


where  c  -  velocity  of  sound  wave  within  concrete,  m/sec, 

see  Table  1 ; 

R  -  radius  of  cylinder,  m. 

Table  1  Values  of  Rt  and  c  for  Concrete 
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Hark  No .  of 

100 

150  . 

200 

250 

300 

350 

4  00 

Concrete 

Rt  (kg/c*8) 

8.0* 

10.5 

13.0 

15.5 

17.5 

21.5 

24.5 

c  (i/tec) 

2760 

3060 

3260 

3420 

3500 

3585 

3670 

1C*  Rt  /0 . 0588c 

0 . 069 

0.082 

0 . 095 

0.108 

0.119 

0.142 

0.159 

For  a  thin  wall  concrete  cylinder  under  uni  for*  internal 
pressure,  if  the  charge  center  is  placed  at  the  center  of  cy¬ 
linder,  then  the  stress  of  cylinder  wall  Is 

__  P  .  «  R 

0-HE - ;r--  — - 


When  this  stress  exceeds  the  strength  of  concrete,  failure 
of  the  structure  Will  occur.  Bu.t  for  blast  demolition,  this 
stress  will  exceed  the  strenth  of  concrete  extremely,  then  a 
factor  Kb  is  introduced,  which  is  called  the  factor  of  damage 
degree  for  the  structure  after  blast,  thus  we  get: 


^  P  •  ^  R 

o,°  — .""iS-KbKdRf 
o 


(9) 


Substitute  equations  (7)  and  (8)  into  (9),  we  get  the 
equation  for  charge  calculation  of  a  thin  wall  concrete  cylin¬ 
der. 


kg 


(10) 


where  K*  -  factor  of  increased  dynamic  strength  for  con¬ 

crete,  K«  =  1 . 4  ; 

Rt  -  static  tensile  strength  of  concrete,  kg/cm2. 
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■!»  if  \  ... 


V-fk 


;-#iS 


see  Ta  b  1  e  1 ; 

6  ■  -  wall  thickness  of  cylinder,  m; 

Kb  -  factor  of  damage  degree  for  structure  after 

blast 

(1)  Correction  Factor  .for  Reinforcement 

Usually  we  have  reinforcement  in  the  wall  of  concrete  cy¬ 
linder,  we  may  approximately  treat  this  problem  by  changing  the 
area  of  steel  to  area  of  concrete  according  to  static  tensile 
strength  ratio  of  steel  and  concrete,  then  evaluate  the  factor 
Ks  for  reinforcement.  The  charge  value  from  equation  (10)  should 
be  multiplied  by  Ks  to  increase  its  value. 


Qe  =  KaQcsil 


.  (11) 


where 


Ks 


.  ,  KosRsCS.^O 
1  KdRtb<3  • 


(11a)  ■ 


and  b 

K  a  s 


Rs 

XAs 


unit  width,  b=lm; 

factor  of  increased  dynamic  strength  for  steel, 
Kd  s=l . 35  for  mild  steel; 

static  yield  strength  of  steel,  here  we  use  Rs= 
3800  kg/cm2  ; 

the  total  area  of  circumferential  steel  along 
unit  length  b  of  longitudinal  section,  m2 


(2)  Factor  of  Damage  Degree,  Kd 

As  for  the  requirement  of  blast  demolition,  the  damage 
degree  of  structure  exceeds  by  far  that  at  plastic  deformation 
stage,  and  may  be  expressed  by  factor  of  damage  degree  Kb . 

Kb  may  be  divided  as  -three  dajtage  levels,  and  the  value  of 
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Kk  for  each  level  Hay  be  determined  by  previous  data  and  siiu- 
ltted  test. 


Damage  .'Lc..y.cJ— I.  (  =  ip  ) 

Cross  pattern  of  breakage  of  concrete, 

SpalliDg  of  surface  layer. 

Damage  .LeveJ _ UL  (.Kb  =  20  ) 

Partial  failure  of  structure. 

Concrete  cracked  into  pieces,  but  lost  of  them  retained  on 
steel  reinforcement. 

Some  flying  fragments. 

Damage  Level _ I  II.  (  Kb  =  40  ) 

Complete  failure  of  structure. 

Most  cracked  pieces  of  concrete  apart  from  steel  reinforce 

meat, 

Many  flying  fragments. 

(3)  Correction  Factor  for  Thick  Wall  Cylinder  (  <3^-“  * 

As  equations  (10)  and  (11)  are  suitable  for  thin  wall  cy¬ 
linder,  when  used  for  thick  wall  cylinder,  the  charge  value 
from  equation  (10)  or  (11)  should  be  multiplied  by  Ki  to  in¬ 
crease  its  value.  Ki  is  called  correction  factor  for  thick  wall 
cylinder,  as  shown  in  Table  2. 

Table  2  Correction  Factor  for  Thick  Wall  Cylinder,  Ki 


<J/R 

0 . 2 

0  -  4 

0 . 6 

0 . 8 

1  .  0 

Ki 

1.16 

1 . 3  S 

1 .64 

1.92 

2.22 

Concrete  Structure  o  f  Rectangu  la  r  Shape 


2. 


A  structure  of  rectangular  cross  section  is  shown  in  Fi¬ 
gure  2  . 

The  natural  circular  frequency  for  a  rectangular  structure 
i  s 


Under  uniforn  static  pressure  P**,  the  loient  will  be 
»axi»u*  at  the  corner  of  a  rectangular  structure,  the  stress 
at  the  corner  will  be 


_ 6KnPe  q  1  2  .  (13) 

b<5* 

where  Kn  -  wonent  factor; 

b  -  width  of  section,  use  Ik; 

Substitute  equations  (7)  &  (12)  into  equation  (13),  and 
also  considering  the  correction  factor  for  reinf  orce  went  Ka  fro® 
equation  (11a),  then  the  equation  for  charge  calculation  of 
reinf  orce  d  concrete  rectangular  structure  will  be 


=(- 


0811  x  K„J2c 


-)  a- 


(14) 


where  R  -  perpendicular  distance  froa  inner  surface  of 

wall  to  charge  center,  n. 

The  value  of  Kn  and  Q  for  various  length  ratio  are  shown 
i n  Tab  I e  3 . 
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Table  3  Values  of  Kn  and  jft  for  Rectangular  Structure 


8/t 

0.5 

0.6 

D 

o.s 

D 

D 

D 

D 

D 

a 

a 

15.20 

13.25 

12.20 

11.10 

9.15 

7.90 

€.20 

4.00 

2.90 

1.40 

0.062 

m 

0.066 

0*070 

0.076 

0.083 

0.103 

o.m 

0.163 

0.203 

0.250 

X  D 

0.04 

■ 

0.16 

0.85 

0.84 

0.S2 

0.80 

0.76 

0.7S 

0.66 

0.35 

n 

jmM 

III.  APPLICATION 


Exaap 1 c 1 

A.  trapezoidal  hoi  Ion  concrete  block  is  shown  in  Fig  3,  the 
volume  of  concrete  is  1 . 0  2  mJ.  This  block  is  used  in  field  expe¬ 
riment  for  mounting  transducers  for  ground  vibration  measure¬ 
ment.  The  mark  no.  of  concrete  Is  400.  The  wall  thickness  va¬ 
ries  from  0.2  —  0.44m.  take  5  =  0.3m  as  mean  value. 

For  blast  demolition,  the  block  is  overturned  with  hollow 
bottom  upand  filled  with  water.  The  charge  bag  is  banged  wi¬ 
thin  water  and  covered  with  straw  bags  at  top  of  block. 

For  simplification,  the  trapezoidal  hollow  space  is  treat¬ 
ed  as  an  equivalent  rectangular,  take  B/'L=0.7,  from  Table  3  we 
get: 

Kn  =  0.066  ,  G  =  13.35  , 

From  Table  1  we  get 

Kd  =  1.4,  Rt  =24.5  kg/'em2,  c  =  3670  m/sec 


for  concrete  of  mark  no.  400. 

And  from  the  arrangement  of  r  e  i  n  force  me  n  t  we  get  K«  =  2.0. 
Three  blocks  were  demolished  by  underwater  blast  with  dif¬ 
ferent  charges,  Qi=0.15kg,  Q2=0.30kg  and  Q*=0.80kg. 

Transform  equation  (14)  Into  following  form,  and  compute 


value  K»  for  charge  Qi,  Q t  and  Q3  respectively,  then  to  predict 


the  degree  of  blast  damage. 


The  calculated  Ki>  and  underwater  blast  results  are  shown 
in  Table  4> 

* 

Table  4  Underwater  Blast  Results  of  Trapezoidal 
Concrete  Hollow  Block 

Charge  Charge  Charge  per  Calculated  Blast  Results 
No.  W t . (kg)  Unit  Volume  Kb 

Q i  0.15  0.147  14.5  Cracked  to  for*  large 

pieces,  basicly  the  thick 
wall  cracked  at  corners, 
and  the  thin  wall  broke 
into  sial 1  pieces  near 
around,  no  flying  fragments 

Q  2  0.30  0.294  22.5  Broke  into  five  large 

pieces,  part  of  steel  rein¬ 
forcement  separated,  many 
s*all  pieces,  flying  frag- 
■ents  within  10*. 

Q  3  0.80  0.784  42.0  Total  concrete  blasted  to 

small  pieces,  part  of  steel 
r  e  i  n  force  ae  n  t  separated, 
flying  fragments  within 
50a,  ready  for  clear  up. 
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Exaw.P-1  e  .2 


A  reinforced  concrete  chamber  is  shown  in  Fig.  4.  The  cham¬ 
ber  is  used  in  field  experiment  ms  a  measurement  station. 

The  thickness  of  four  side  walls  is  0.15m,  and  the  thick¬ 
ness  of  top  slab  it  0.10m.  The  inner  dimension  is  4.0m  In 
length,  2.0m  in  wid^th  and  1.8m  in  height.  Hark  no.  of  concrete 
is  200,  with  $  126180  mesh  and  4  86180  mesh  steel  reinforcement, 
one  layer  each  respectively. 

The  charge  wt.  is  calculated  from  equation  (14). 

As  the  blast  was  taken  at  spacious  area,  and  there  are  no 
problems  about  safety  distances,  therefore  we  chose  the  factor 
of  damage  degree  Ko=30. 

From  Table  1,  for  concrete  mark  no.. 200,  K«=1.4,  Rt=13 
k*/cm*  ,  c  =  2362m/sec,  <5=0. 15m. 

For  uniformity  of  wall  damage,  two  charge  bags  are  design¬ 
ed.  The  distance  between  bags  is  2m,  distance  to  end  walls  are 
1».  As  the  front  wall  has  wing  wall  extended  on  each  end,  the 
charge  bag  is  a  little  nearer  to  the  front  wall,  the  distance 
is  0.95m,  and  the  distance  from  bag  to  the  rear  wall  is  1.05m. 
The  average  distance  R  =  1 . 0  m  is  used  in  calculation.  As  there 
are  two  charge  bags,  the  chamber  may  be  considered  as  two 
squares,  thus  B/'Lsl.O.  From  Table  3,  we  have  Kn  =  0.083,  12  =  9.85. 

For  steel  of  mark  no.  3,  K<s=1.35  and  R « =3 8 00k g/cm 2 .  The 
total  steel  area  per  unit  length  of  concrete  is  Za«=9.05  cm2. 

From  equation  (11a),  we  get  K,=2.71. 

The  calculated  charge  wt.  for  each  bag  will  be 


Q 


K  (  K,K-R^b  V-” 

•\  0.0811K„12c  J 


£I.Xt£t.41 


-2-71(  o.osnx  0.083  x  3290  )""  »' «•»> 
=  0.58  kg 
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In  practice,  the  charge  bags  are  made  of  powder  TNT,  the 
actual  wt.  for  each  bag  is  0.65kg.  The  bag  are  0.6m  above  bot¬ 
tom  slab.  The  water  height  is  about  1.5m. 

After  blast,  the  concrete  break  into  pieces,  most  pieces 
are  still  hanging  o”n  the  r  e  inforce  m  e  n  t  steel  mesh,  with  some  fly¬ 
ing  fragments  within  30ra  range.  This  result  fulfills  the  blast 
requirement.  -The  wing  walls  which  have  no  contact  with  water 
are  basicly  no  damage,  and  as  the  wing  walls  attribute  some 
stiffening  to  the  front  wall,  the  damage  of  front  wall  is  some¬ 
what  lighter  than  other  walls. 

*  As  the  distance  from  charge  bag  to  rear  wall  is  1 1  %  larger 

than  that  to  front  wall,  the  top  slab  of  chamber  is  turned  to 
the  rear,  and  water  flashed  out  from  the  opening  between  the 
top  slab  and  front  wall. 

The  result  of  blast  is  shown  in  Fig-5 

CONCLUSION 

The  equations  presented  in  this  paper  give  satisfactory 
results  in  practice  of  blast  demolition. 
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